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A number of studies have examined the rela- 
tk>nship between parental smoking and lowTr re¬ 
spiratory Illness in children****and. in general. 
Che results have suggested that parenul smok¬ 
ing may be harmful to children, ^rhaps the 
best •documented findings relate to the Increased 
rates of lower respiratory infection and symp¬ 
toms that have been observed In children under 
2 years of age whose parents (and. panirularly. 
the mothers) smoke.*** *• •* This association has 
been found in a variety of studies that havT used 
both retrospective and concurrent measures of 
medical consultation for lower resptraton* infec¬ 
tion.*** *• •* maicmal reports of lower respiratory 
symptoms* * and hospital attendance dau .* The 
correlation has been shown to persist w*hen a 
large number of potentially confounding factors 
have been controlled. Including family social 
background.** * *• ** family composition.*** kMrr 
respiratory Illness in the child’s family * * ** in* 
fsni feeding practices* * and perinatal history*.* * * 
In at least two studies the association in children 
between early lower respiratory Illness and pa¬ 
renul smoking has been shown to disappear at 
around 2 years of age.* * 

A further series of studies havT suggested 
that, in school-aged children, parental smoking 
and. particularly, maternal smoking is asso¬ 
ciated with increased rates of lower respiratory 
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symptoma**** lower respiratory infection.**'** 
and reduced pulmonary* function." ***** The in* 
tJDduction of control factors, including measures 
of family social background’*** and the chil¬ 
dren’s smoking habits* ** ** ** ** has not apprecia¬ 
bly altered these correlations. At the same time, 
not all studies of school-aged populations have 
found linkages between parenu) smoking and 
pulmonary function.*’•• 

A number of im-est igators have also examined 
the relationship between parenul smoking and 
the onset and frequency of asthma during child¬ 
hood. and the majonty of studies**'**" have 
failed to find any tendency for the c^rtlHren of par¬ 
ents who smoke to be more prone to asthma 
than those of nonsmokers An exception to this 
trend, however, was reported bv* Corimakcr et 
al..*^ who found a small but statistically signifi¬ 
cant tendency for children whose parents 
smoked to suffer greater rates of asthma 
Although the general conclusion that may be 
drawn from this literature Is that smoking Is 
harmful for children, some aspects of the find¬ 
ings suggest that this relationship may not be 
a simple one. In particular, the emerging n*l- 
dence tends to suggest that the ejects of paren- 
u) smoking vaty with the age of the child ibe- 
Ing most marked during early childhoodi. the 
source of the parenul smoke (with maternal 
smoking having a greater influence than pater¬ 
nal smoking), and the disease that is studied 
(w'llh lowTr respiratory Infection and symptoms 
being more mnuenced by parenul smoking 
habiu than childhood asthma! 

lb place these issues in perspective, this pa- 
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per reporu the resulU of a six-year lonsitudlnaJ 
study of the relstionshtp between parents] 
smoking habitt and lower respiratory illness in 
children In s sample of New Zealand children. 
Theaims^thepaperare: llTbexamlnethe rela¬ 
tionship between rates of lower respiratory In- 
fecuon or symptoms in children, parental smok¬ 
ing habits. and the children's ages and to devise 
a statistical model describing the linkages be¬ 
tween these vanablea 2) lb examine the associ¬ 
ation between parental smoking and the onset 
of asthma and the frequency of asthmatic at- 
ucks during early childhood. 

Method 

The data were collected during the first eight 
suges of the Christchurch Child Development 
Study. A birth cohort of children bom in the 
Christchurch INew Zealandl urban region In 
mld-1977 was studied at birth. 4 montha and 
annual Intervals to the age of 6 yean using a 
combination of a home-based interview with the 
mother supplemented by information from 
hospital records general practitioner notes, 
and other documentary sources. The general 
methods of data collection and the quaJlty con¬ 
trol of the dau have been described in previous 
papers.* • "The following information was used 
in the present analysis. 

Medical Consultation for touier Respl ra tory 
Infection. Information on medical consulta¬ 
tions for bronchlua bronchlolitla and pneumo¬ 
nia was collected for each child for each year of 
life. This Information was gathered from several 
sources Including maternal recall, diaries of the 
children's health that were kept each year by the 
mothers, and information from general practi¬ 
tioner records. 

Maternal Reports of Lower Respiratory 
Symptoms. Mothers were questioned about 
whether their child had had a "chesty cold" or 
"wheexy chest" at each year of life irrespective 
of whether a medical consulutlon had been in¬ 
volved. Separate items for chesty cold and 
wheeze were used for children up to 2 years of 
age. However, during the first year of the study, 
our interviewers reported that many mothers 
had difficulty distinguishing between wheeze 
and general chestlneas. 1b overcome this possi¬ 
ble ambiguity, from the second year onward we 
used a single Hem that covered both chesty cold 
and wheeze. The measure used in this analysts 
is based on whether at each year of life, the 
moilKr reported that her child had suffered from 


•WtflU' lw>ixs axu Sno««ie>> •*<«»»-*r‘jw«ox ano 

chesty colds or wheeze krrespectlve of whether 
medical attenuon was sought for these condl- 
Uona 

Asthma During Early Childhood 1b mea¬ 
sure whether a child was prone to asthma and. 
tf sa the frequency of the asthmauc atucka four 
measures were developed. 

1. —whether the child had ever attended a 
medical practitioner for the treatment of wheeze 
that had been diagnosed as asthma or wheezy 
bronchltla fU'heezy bronchtils was included in 
the defInlUon of asthma on the basis of Williams 
and McNfool's” conclusion that the two condi¬ 
tions are Indistinguishable: however, only 8% of 
all diagnoses were for wheezy bronchitis 1 

2. —whether the mother had ever reported that 
her child had suffered an asthmatic atuck ir¬ 
respective of whether this attack had been 
mated medically. 

3. «>the frequency of medical attendance from 
birth to 6 years for episodes of wheeze that were 
diagnosed as asthma or wheezy bronchltla 

4. —the frequency of maternal reports of asth¬ 
matic episodes during the period from birth to 
6 years Irrespective of whether medical atten¬ 
dance was sought. 

The first two measures defined the proportion 
of children wha according to medical diagnosis 
or maternal belief, were prone to asthma: the 
second two measures described the frequency 
of asthmatic atuck among those children who 
were susceptible to asthma. 

Rirental Smoking At each year, mothers 
were questioned about their dally cigarette in¬ 
take and the Inuke of the child's father. 

Centro) rscien 

1b uke account of the possibility that any ap¬ 
parent correlations between parental smoking 
and lower respiratory illness could have arisen 
from the effecu of common confounding varia¬ 
bles. the following measures were used for the 
purpose of sutistical control. 

fierinaial Sta tus. Measures of the children's 
birthweighu and estimated gesutlonal ages 
were obuined from hospital recorda 

fpmtly Composition and Social Back¬ 
ground. As pan of the routine dau collected 
during the course of the study, information was 
available on maternal ages, family sizes, mater¬ 
nal educational levels, the children's ethnicity, 
and family socioeconomic sutuses as measured 
by the EllCy and Irving" scale of socioeconomic 
sutus for New Zealand. 

Ftimtly Atopy. At the mitiaJ interviews with 
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the childrens mothers^ Information uas col¬ 
lected on the presence (both past and present) 
of asthma, allergic rhtniua and eceema in the 
mother* biological father* and siblings 

Breose/eedinp History From information 
collected from hospital notes and maiemal in« 
lerviews. estimates of the duration of time (tf at 
all) the child was breastfed were obuin^^d 

Arts In Che Home. At each year, m^hers 
were questioned about the presence of p^t cats 
or dogs in the children's families, and an esti¬ 
mate of the extent of exposure to these animals 
was created for each child summing ih*' num¬ 
ber of years the peu had been in ih^ 'hvid s 
family. 

fbmify UJt tvents. From two years %nu*ard. 
mothers were questioned about the oc« .rrence 
of adverse or stressfullife e\enu using a ir^Mtem 
check list based on an abbre>*tated %ers.*.r. the 
Holmes and Rahe*‘ social readjustmer.* rating 
scale. For each year, an estimate of tr.- *>^ient 
of exposure to stressful life events wav * rested 
by summing the number of sut.* •v*-nis 
reported. 


Sample Siset 

The initial cohort comprised 1*265 children, 
but as a result of emigration from New Zealand 
and losses to follow up. this cohort s*as reduced 
in 6 years to 1.115 children. This reduced sam¬ 
ple represented 88% of the onginal cohort and 
95% of those cohon members still alive and resi¬ 
dent in New Zealand. However, throughout the 
analysis, sample sires varied with the age of the 
children because complete data on parenul 
smoking and respiratory illness for the full six- 
3 rear period were not available for every child. 
(These were children who had kft New Zealand, 
and who re-entered the study on their return. I 
The variations in sample size are reflected in ta¬ 
bles I. 4. and 5. 

iesulU 

Medicat Consufcorion for Lower Respiratory 
Infecuorx and Maternal Reports oJLoiver Respi¬ 
ratory Symptoms. Ikble I shows the associa¬ 
tions between parentaJ smoking habits and rates 
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of medica] consultation for bronchitis and pneu* 
tnoniaand matemaJ reports of lovver respintory 
symptoms In their child during the period from 
btnh toSyears. (The dau are presented in two- 
year blotlU for simplicity, but a parallel analy¬ 
sis of the year-by-year jrends in the, da ta, pro- 
duced similar results.1 ‘ ^ 



'flfs t oqT^^ children 

reached 2 years of age. there appeared to be lit- 
Ue or not association bet ween parental smoking 
habits and (he rates of lower respiratory illness 
or symptoms. These conclusions w*ere con¬ 
firmed ty fitting a senes of hierarchical log lin¬ 
ear models** to the data on rates of lower respi¬ 
ratory Illness shown tn the ubic Thisprocedunr 
led to the follcm*ing concl usions fiYl^l^S^ ii^ 
.. lISmtRSni 


|$@ni 

tontt (log IJkelihj^ratlo a 
JfiitemaJ smoking did not make 
a &ntr^Stion to the vanability tn rates of illness 
when considered alone or in combination with 
maternal smoking 21 After the children reached 
2 years of age. there were no significant associa¬ 
tions between parental smoking habits and rates 
of lower respiratory (llness or symptoms. 

The resulu In table 1 do not uke into account 
the possible effects of other social or familiar fac¬ 
tors that may be correlated w*tth matemaJ smok¬ 
ing habits and childhood lower respiraioiy* ill¬ 
ness or symptoms, lb examine this issue, the 
dau (or the first 2 >Tars were reanalyaed using 
logistic regression methods'*in which maternal 
smoking together with the measures of family 
social! background, family composition, infant 
feeding practices, and pennaul histoiy* were 
relaifd to rates of medical consulution for bron¬ 
chitis and pneumonia and rates of maiemal 


reporu of symptoms. Resulu of this analysis 
clearly showed that, even when all control fac- 
ion were taken into account, (here was a signifi¬ 
cant association during the children s first two 
years between maternal smoking habiu and 
rates of tower respiratory infection IP < 0.011 and 
a marginally significant (P • 0 06) assocutlon 
between maternal smoking habits and rates of 
lower respiratory symptoms. From the fitted 
model, estimates were obiained using the meth¬ 
ods described by* Lee** of the association bet ween 
maternal smoking and rates of lower respiratory 
infection and symptoms that were adjusted for 
the effecu of jhe control factors.fhe'idjust'e 
m shown In ta ble 2 and inc T 
)tiod^t^r^tKe(»i^^ 

IS'lSSStVBSch 


^chiidran iindj^ihe jsae ia 

duNnltial analyM exi^med the dau in a se¬ 


ries of cross-sectional two-year blacks lb ana¬ 
lyse the dynamic relationships that existed be¬ 
tween maternal smoking and rates of lower 
respiratory illnesa and symptoms throughout 
the child's first 6 yeara. the dau was used to form 
a3 X 2contingency uble.*whichdescribed the 
associations between maternal smoking during 
the child's first 2 years and rates of lowTr respi¬ 
ratory' tniectionsand symptoms throughout the 
child's first 6 years This ubie was fitted using 
log linear modeling methods A summarv* of the 
aruHais is shown in ubIe 3. w'hich gives values 
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of the log likelihood ntio chi>tquare tuttsties 
for the wtout effects in the Atted model. The 
results can be readily Interpreted from figure 1. 
which shows the Atied model using the conven¬ 
tions described by Freeman and Jekel.** In this 
diagram, variables that were significantly re¬ 
lated are shown Uhked by solid lines, and the site 
of the association Is indicated by the log likeli¬ 
hood tatio chi square value and Its correspond¬ 
ing level of signtflcance. Vsnables that %vtre not 
significantly related are not linked by lines The 


following ranclustqns can be drawn from the (Ij 
. ure. j ' 

e 2] Wtthin each 

measurlnf pert^ there were^ry strong asaoci- 
•Ilona (P < O.OOOl\ between medlcmJ conaulu* 
Uona for lower respiratory Illness and mstemaS 
reports of Im^r respiratory symptoms These as¬ 
sociations arose t^suse If the child had at¬ 
tended a medica] practitioner for lower respira¬ 
tory illness, hit or her mother almostInvariably 
reported leaver respiratory symptoms 3) There 
were signlHcant associations (P < OiOOll between 
rstes of medical consultation for lower respira¬ 
tory Illness across measurement periodsi 



D SytsiyA similar csusa]<hain model links 
the measures of maternal reporu of lower respi¬ 
ratory symptoms. 

As may be seen from Tbble 3. the model 
depicted in figure 1 produced a very satisfactory 
fit to the observed dau (x* ■ 131.73; df • 172. 


P « 0.99). 


Asrhmo Duriny Eorly Childhood. Ibble 4 
compares the number of children having at least 
one asthmatic episode (dermed both on the basis 
of medica] consulutlon and maiemal report) by 
the age of 6 years with parental smoking habiut. 
Inspection ot the ubie shows no clear tendency 
lor the proportions of asthmatic children to vary 
with parenul smoking habits, and this was con¬ 
firmed by log linear modeling of the results, 
which indicated that there was no significant as¬ 
sociation between being asthmatic and paren¬ 
tal smoking habits. 
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thows the frequency of asthmatic atucks per 
too children (measured both on the basis of 
maternal repon and frequency of medical con* 
aultatlon) telaied to parental smoking habits. 
While there was subsuntial variabtllty In the 
rates of asthrrtatic atucks depending on the 
combinations of parental smoking, there was no 
clear trend In the resulu that would suggest in* 
creased parental smoking av associated with 
Increases In the rate of asthmatic atucks This 
impression was connrmed b>' log linear model* 
Ing of the dau In ubie 5. which showed there 
aere no significant associations between paren* 
ul smoking and the frequency of asthmatic 
attacks. 

lb examine the possible effects of various con* 
founding factors on the associations between pa* 
ITnial smoking and the occurrence of asthma 
in children and the rates of asthmatic atucks. 
the dau were further analysed using regression 
methods in which a number of control factors, 
including gender family history of asthma, early 
eczema, early respiratory Infection, breastfeed¬ 
ing history. peU in the family, family fife events, 
and family social background were Introduced 
as factors In stepwise analyses. The anah-sis of 
the risk daU In ubIe 4 aas conducted using mul* 
tiple logistic regression, whereas the frequency 
of stuck dau (ubie 5) were analyzed using mul* 
uplr linear regression methods based on the 
square root of the number of episodes of asthma 
ocoumng during the period from 0-6 years All 
analxses indicated that there were no significant 
relationships between parenul smoking hablu 
and risks of childhood asthma or rates of asth¬ 
matic atucks e\Tn when the set of control fac* 
tors uv Uken into account sutisttcally. 


Olscttsslon 


The findings of this stx*year longitudinal 
study Indicate that the effecu of parenul smok* 
Ing on childhood respiratory Illness depended 
on the child's age. the sourc e of parenuJ smoke , 
and the outcome studled.l^^^^^ffi1ivf< 



However, after this time, maternal smoking did 
not make a significant contribution to the rates 
of medical consuiution or reports of lower respi¬ 
ratory symptoms. Paternal smoking was not 
related to lower respiratory Illness at any time, 
and neither paternal nor maternal smoking was 
related to the risk of asthma or the frequency of 
asthmatic atucks during th£child s flrstjSyean 
^pi>e Jinding]^arr assc^ bet wen 

UlniM and iymptqnujn^ 


nrati 

^ 2 j^aim: However, the mechanisms involved 
arenas yet unclear. Colley et al/* proposed a 
genetic explanation in which parentad smoking 
Is related to a genetic disposition to lower respi¬ 
ratory Illness, which Is reOected in higher rates 
of morbidity among the offspring of smokers. 
However, this explanation seems highly unlikely 
given that, according to most studies, maternal 
smoking Is more imporunt in this regard than 
Is paternal smoking, which would suggest a 
mode of inhenunce in w*hich a predisposition 
to lourr respiratory illness is sex linked to the 
child s mother! Fergusson et al * have suggested 
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ft hypothesis in which prolonged exposure to elf* 
ftmte smoke has an imunt cfTect that exacer¬ 
bates the respiratory infections that normally 
occur during early childhood, making it more 
likely that lower respiratory symptoms will 
develop 

However, whereas previous studies**** have 
reported associations tetween lower respiratory 
symptoms, lower respiratory Illness or impaired 
pulmonary function, and parental smoking for 
school-aged children, wc were unable to find any 
association between parenul smoking and re¬ 
spiratory illness or symptoms during thep^ 


from 2-6 ye 
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thii such early i»poauiT coupled with Increased 
risks of early Iwer respiratory illness may cause 
atnictural changes that are reflected in in* 
creased rates of tower respiratory symptoms and 
reduced pulmonary function during later child* 
hood. The results of the longitudinal log linear 
anal>'sis presented in this paper cast some light 
on the plausibility of this hypothesis In partic¬ 
ular, the model suggested that maternal smok¬ 
ing aas associated with an Increased risk of 
lower respiratory illness and symptoms during 
the child's first 2 years, and that early respira* 


tory lllneas or symptoms during the first 2 years 
are associated with subsequent illness or symp¬ 
toms. At first sight these results would appear 
to support the hypothesis that early exposure to 
parental smoke leads to later respiratory illness. 
However, this view does not take into account the 
sutisUcal "slippage** that occurs within this s>a* 
tern of relationships. Thua while maternal 
smoking does Influence early respiratory illneaa 
and early respiratory illness is related to later re* 
spiratory lllnesa maternal amoking made a 
negligible direct or indirect comribuiton to later 
respiratory illness for our cohort. This suggesu 
that the tendency for rates of lower respiratory 
ttlness or symptoms to be correlated over time 
cannot be attributed to the common effects of 
maternal smoking on respiratory function. 

A more plausible explanation of the existing 
dau would appear to be that there are two mech¬ 
anisms involved in the correlations between pa¬ 
rental smoking and lcM;ermxmratory.iUncss and 


symptoms in children^.. 




This effect is relatively short lived and 


disappears at around the age of 2 years Howevrr. 
in the light of the findings of Tkger et al.** there 
is also evidence to suggest that prolonged ex¬ 
posure to parenul smoking may have the effect 
of gradually compromising the tower respiratory 
system of children to that around the middle- 
school years children become at greater risk of 
lower respiratory Illness and reduced pulmonary 
function. 

In confirmation of three previous studies** ** ** 
we were unable to show any correlation between 
parenul smoking and either'the onset or fre¬ 
quency of ftstJifnaUc »t «*c ks d unng earjy chlldj 

^m^licaied th*lhe"dn^?elS|^^ or the 
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frequency of Mthtnattc •tucks tn younf chil¬ 
dren. At the same time. Conmaker et •1.*’ were 
able to show a small but nonetheless stgnlAcant 
association between parental smoking habiu 


' and asthma in a cross-sectional sample of chil¬ 
dren aged from (K17 yean- It seems possible 



It should also be noted that the apparent corre¬ 
lation between parental smoking and asthma 
repealed by Cortmaker et al.“ could be a dis¬ 
guised correlation between asthma and smok¬ 
ing m the child.* *' as this factor was not con¬ 
trolled for In their anair 



*fuiKtion. Such relationships can only be clari¬ 
fied by hirther longitudinal studies that exam¬ 
ine the way tn which varying exposure times to 
parenutsmoking have dynamic effecu on both 
the susceptibility to Imver respiratory Illness and 
pulmtmary function throughout childhood. 
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